1. Introduction {#sec1}
===============

Cyclosporine A (CsA) is considered one of the common immunosuppressive agents which are used during organ transplantation preventing allograft rejection and increasing the rates of patients\' survival and as a treatment for autoimmune diseases. It is a cyclic endecapeptide whereas it is extracted from the fungus called*Tolypocladium inflatum* \[[@B1]\].

Recent studies reported that long-term use of cyclosporine A may lead to many systemic toxic effects such as nephrotoxicity, hepatotoxicity, and cardiovascular affection based on its oxidative stress mechanism that generates free radicals inducing lipid peroxidation in the different organs \[[@B2]\]. Other studies referred that oxidative damage may develop pulmonary disorders during systemic or local administration of cyclosporine; therefore the safety of its use is still considered a controversial issue \[[@B3]\].

Organ transplantation such as a lung transplantation is a lifesaving procedure whereas the rate of its use is increasing in the different countries such as the United States and Japan and then the rate of cyclosporine use is also rising \[[@B4]\] although the incidence risk of bronchogenic carcinoma and pulmonary fibrosis development with the use of cyclosporine A is ranging from 2 to 4% in some cases \[[@B5]\].

So, the present study aims to investigate the toxic effect of cyclosporine on the lung tissues in rats via assessment of pulmonary histopathological changes by using light and electron microscope examination.

2. Material and Methods {#sec2}
=======================

Sixty healthy male adult albino rats weighing 200 ± 20 g were obtained from the animal house of King Abdulaziz University, Jeddah, exposed to 12 hr day and night cycles with a free access to water and the standard rat pellet during the experimental period. They were divided into three groups; each group consists of twenty rats. The first group (control) received physiological saline only while the second received 25 mg/kg/day of cyclosporine dissolved in physiological saline \[[@B6]\], whereas the third group received 40 mg/kg/day of cyclosporine dissolved in physiological saline \[[@B7]\]. Daily administration of physiological saline and cyclosporine was done for forty-five days by using gastric gavage whereas cyclosporine was available in a soft gelatin capsule (50 mg) that was manufactured by R. P. Scherer GmbH & Co. KG, Eberbach/Baden, Germany, for Novartis Pharma AG, Basel, Switzerland.

2.1. Histopathological Studies {#sec2.1}
------------------------------

Rats were weighed and then they were sacrificed under diethyl ether anesthesia after 24 hours from the last administration of cyclosporine. An incision was carried out in the chest for a lung excision that was weighed and washed several times with a normal saline and then fixed by an intratracheal instillation of 10% neutral buffered formalin. The preserved tissues were dehydrated, embedded in paraffin, sectioned at 3-4 *μ*m thickness, and stained by haematoxylin and eosin, Periodic Acid-Schiff (PAS), and Mallory stain \[[@B8]\]. The pulmonary histological slides were examined and scored under a light microscope by a blinded pathologist to the experimental groups for quantifying the extent of lung histopathological changes using a scoring scale of 0 to 4 for each lung damage parameter (oedema, hemorrhage, cell infiltration, and alveolar septal thickening) with total score of 0--16 \[[@B9], [@B10]\].

Ultrastructural studies on the lung cells were carried out by using an electron microscope whereas the lung tissue specimens were prepared via fixation in 2.7% glutaraldehyde solution in 0.1 M phosphate buffer for 1.5 hours at 4°C and then they were washed in 0.15 M phosphate buffer (pH 7.2) and postfixed in 2% osmic acid solution in 0.15 M phosphate buffer for one hour at 4°C. Dehydration was carried out in acetone while the inclusion was in the epoxy embedding resin Epon 812. The blocks were cut with an ultramicrotome type LKB at 70 nm thickness. The sections were doubly contrasted with the solutions of uranyl acetate and lead citrate for analysis by using an electron microscope \[[@B11]\].

2.2. Ethical Considerations {#sec2.2}
---------------------------

The most appropriate animal species was chosen for this research. Promotion of the high standard of the care and animal well-being at all times was done. Appropriate sample size was calculated by using the fewest number of animals to obtain the valid results statistically. Painful procedures were performed under anesthesia to avoid distress and pain. Our standards of the animal care and administration met those required by applicable international laws and regulations \[[@B12]\].

2.3. Statistical Analysis {#sec2.3}
-------------------------

Statistical analysis was performed by using SPSS version 17. Variability of the results was expressed as mean ± SD. Results were analyzed by using one-way ANOVA and*post hoc* multiple comparisons test (TUKEY) to investigate the difference among groups. A *P* value of 0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. Effect of Cyclosporine Different Doses on the Rats\' Lung Weight, Body Weight, and the Lung/Body Weight Ratio {#sec3.1}
------------------------------------------------------------------------------------------------------------------

There is a significant decrease in the rats\' lung and body weight of second group which received 25 mg/kg/day of cyclosporine in comparison with the control group while there is a significant decrease in the rats\' lung and body weight of third group which received 40 mg/kg/day of cyclosporine in comparison with the second and control groups.

[Figure 1](#fig1){ref-type="fig"} shows that mean + SD values of the rats\' lung weight in control, second, and third groups are 2.4 ± 0.18; 1.9 ± 0.19; and 1.3 ± 0.24, respectively, whereas *F* value is 86.473 indicating a difference between groups which is statistically significant (*P* \< 0.001).

[Table 1](#tab1){ref-type="table"} shows that mean + SD values of the rats\' body weight in control, second, and third groups are 210.9 ± 15.11; 155.35 ± 12.15; and 99.55 ± 10.26, respectively. The value of *F* is 179.85 indicating the difference between the groups while the value of *P* is \<0.001 indicating that the difference between the groups is statistically significant. The lung/body weight ratio in control, second, and third groups is 1.14%, 1.22%, and 1.31%, respectively.

3.2. Histopathological Findings {#sec3.2}
-------------------------------

### 3.2.1. Pulmonary Histopathological Findings by Using a Light Microscope {#sec3.2.1}

Examination of the lung tissues in the first group rats (control) which received physiological saline showed a normal lung architecture, thin interalveolar septa, folded columnar epithelial cells of bronchiole, clearly seen alveolar sacs, normal pulmonary vessels with positive stain of Periodic Acid-Schiff (PAS), and normal fibrous tissues distribution (Figures [2(a)](#fig2){ref-type="fig"}, [3(a)](#fig3){ref-type="fig"}, and [4(a)](#fig4){ref-type="fig"}). Rats of the second group which received 25 mg/kg/day of cyclosporine showed thickened wall of bronchiole with moderately congested blood capillaries, macrophages infiltration in the alveolar spaces, degenerated and thickened interalveolar septa with moderate positive Periodic Acid-Schiff (PAS) stain, and mild fibrous tissues distribution (Figures [2(b)](#fig2){ref-type="fig"}, [3(b)](#fig3){ref-type="fig"}, and [4(b)](#fig4){ref-type="fig"}). The lung tissues in the third group rats which received 40 mg/kg/day of cyclosporine showed degeneration of alveoli and interalveolar septum, emphysema, marked thinning of interstitial tissues, aggregations areas of inflammatory cellular infiltration beside thickened and congested pulmonary blood vessels, negative Periodic Acid-Schiff (PAS) stain, and the increase of fibrous tissues in the interstitial tissues and around alveoli (Figures [2(c)](#fig2){ref-type="fig"}, [3(c)](#fig3){ref-type="fig"}, and [4(c)](#fig4){ref-type="fig"}).

[Table 2](#tab2){ref-type="table"} showed the severity of pulmonary histopathological changes according to scoring scale, whereas a statistical significant difference in the overall scores of the lung histopathological parameters (oedema, hemorrhage, cell infiltration, and alveolar septal thickening) was observed in the second group in comparison with the control group and in the third group in comparison with the second and control groups.

### 3.2.2. Pulmonary Histopathological Findings by Using an Electron Microscope {#sec3.2.2}

The ultrastructure of lung cells in the first group rats (control) which received physiological saline showed a rounded nucleus of pneumocyte type II that is surrounded by lamellar bodies with normal mitochondria and normal microvilli on the alveolar surface ([Figure 5(a)](#fig5){ref-type="fig"}). But the ultrastructure of lung cells in the second group rats showed a shrinkage nucleus of pneumocyte type II which is surrounded by vacuoles and congested blood capillaries filled with the blood in cytoplasm with degenerated microvilli on the surface of alveoli ([Figure 5(b)](#fig5){ref-type="fig"}). The ultrastructure of lung cells in the third group rats showed a pyknotic nucleus of pneumocyte type II that is surrounded by vacuoles which are variable in the amount and size with more congested blood capillaries filled with the blood in cytoplasm with degenerated microvilli in the alveolar surface ([Figure 5(c)](#fig5){ref-type="fig"}).

4. Discussion {#sec4}
=============

Many previous studies indicated that there is a correlation between the prolonged use of cyclosporine among transplant organ patients and vital organs toxicity development. However, its adverse effects on vital organ such as lung are still obscure because of the paucity of researches that focus on it. So, our study tries to investigate pulmonary toxicity of cyclosporine by assessment of the probable histopathological changes via using light and electron microscope examination.

The current study showed that lung and body weights are significantly decreased in the second group which received 25 mg/kg/day of cyclosporine in comparison with the control group while the lung and body weights of third group which received 40 mg/kg/day of cyclosporine showed a significant decrease in comparison with the second group; thus the lung/body weight ratio is also affected. This is in agreement with Wongmekiat et al. \[[@B13]\], who indicated that cyclosporine toxicity affects the appetite beside its catabolic effect inducing the body weight loss, and in consistency also with Chakravarthi et al. \[[@B14]\], who referred to the fact that cyclosporine induces cell apoptosis which is correlated with the affected organ weight reduction and this is in contrast with Sato et al. \[[@B15]\], who confirmed that normal pulmonary cells are protected from cyclosporine induced apoptosis.

Our results revealed that the third group which received 40 mg/kg/day of cyclosporine induced marked pulmonary histopathological abnormalities such as a pyknotic nucleus of pneumocyte type II, degeneration of alveoli with its microvilli, and emphysema with inflammatory cellular infiltration and pulmonary vessels congestion in consistency with Yousef and ALRajhi \[[@B16]\] while the second group which received 25 mg/kg/day of cyclosporine showed mild pulmonary ultrastructures and histopathological changes such as a shrinkage nucleus of pneumocyte type II, degenerated microvilli on the alveolar surface, thickened wall of bronchiole with moderately congested blood capillaries and macrophages infiltration in the alveolar spaces, and nearly normal architecture of alveoli with thickened interalveolar septa. Furthermore, the overall lung lesion severity scores were differed significantly between the second and third groups indicating that the severity of cyclosporine induced pulmonary histological changes depending on its dose.

Most of the published articles focused on a fact which shows that generation of free radicals inducing oxidative stress leads to molecular and cellular damage which are considered the cause of cyclosporine toxic effects on the different body organs \[[@B17]\]. The effects of released reactive oxygen species (ROS) by normal respiratory system are counteracted by glutathione and antioxidants enzymes such as catalase and peroxidase; therefore more generation of ROS via cyclosporine leads to the balance disturbance with antioxidants defense mechanism inducing toxic cellular substances which lead to histopathological changes \[[@B18]\].

The present study showed that cyclosporine increases fibrous tissues formation in the lung interstitial tissues and around alveoli depending on its dose in consistency with Katrin et al. \[[@B19]\], who referred to the fact that cyclosporine can be trigger to stimulate fibroblast proliferation via mediators which are induced by the epithelial cells of airway passages. According to Esposito et al. \[[@B20]\], there is a correlation between cyclosporine cytotoxicity and mitochondrial enzyme activity disturbance and its ability to react with the nucleus receptors to prevent genetic transcription of proteins that are secreted by fibroblasts, macrophages, monocytes, and endothelial cells. Therefore, cyclosporine affects the cell of lung tissues as a result of multiple effects such as carbohydrates depletion in the cytoplasm of lung cell that leads to the lung structure disturbance which is supported in the current study by a negative stain of Periodic Acid-Schiff.

5. Conclusion {#sec5}
=============

The prolonged use of cyclosporine may induce pulmonary histopathological and ultrastructural changes such as shrinkage or pyknotic nucleus of pneumocyte type II, degeneration of alveoli, emphysema with an inflammatory cellular infiltration, pulmonary vessels congestion, and lung and body weight reduction depending on its dose and based on reactive oxygen species generation. Therefore, further researches on human should be done in the future to verify our results and confirm pulmonary toxicity of cyclosporine prolonged use.
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![The effect of cyclosporine different doses on the rats\' lung weight.](JT2016-2973274.001){#fig1}

![(a) A photomicrograph of transverse section in the control rat lung shows normal architecture of alveoli (A) with thin interalveolar septa (s) and normal interstitial tissues (I) (H&E ×400). (b) A photomicrograph of transverse section in the second group rat lung shows marked thickening of interstitial tissues (IS) with numerous areas of cellular infiltration (I), congested blood capillaries (bv), and bronchiole (B) with widening alveoli (A) (H&E ×400). (c) A photomicrograph of transverse section in the third group rat lung shows loss of normal architecture, cellular infiltration (I), fragmentation and degeneration of alveoli and interalveolar septum (s) with a subsequent compensatory dilatation of alveoli (A), thickened and congested pulmonary blood vessels (bv), and degenerated bronchiolar wall (B) (H&E ×400).](JT2016-2973274.002){#fig2}

![(a) A photomicrograph of transverse section in the control rat lung shows normal distribution of fibrous tissues and architecture of alveoli (A) with thin interalveolar septa (s) and normal interstitial tissues (I) (Mallory ×400). (b) A photomicrograph of transverse section in the second group rat lung shows mild distribution of fibrous tissues around alveoli (A) with thickening of the interalveolar septa (IS) and bronchiole (B) (Mallory ×400). (c) A photomicrograph of transverse section in the third group rat lung shows loss of normal architecture, increase of fibrous tissues around alveoli (A), subsequent compensatory dilatation of other alveoli, marked thinning of the interalveolar septum (s) with an increase of fibrous tissues in the areas of interstitial tissues (IS), and thickened and congested pulmonary blood vessels which contain hemorrhagic blood cells (bv) (Mallory ×400).](JT2016-2973274.003){#fig3}

![(a) A photomicrograph of transverse section in the control rat lung shows positive PAS staining with normal architecture of alveoli (A) with thin interalveolar septa (s) and normal interstitial tissues (I) (PAS ×400). (b) A photomicrograph of transverse section in the second group rat lung shows moderate positive PAS staining with nearly normal architecture of alveoli (A), thick interalveolar septa (s), and interstitial tissues (I) (PAS ×400). (c) A photomicrograph of transverse section of third group rat lung shows negative PAS staining, accumulation of inflammatory cells near the blood vessels with abnormal architecture of alveoli (A), and destruction of the interalveolar septa (s) and interstitial tissues (I) (PAS ×400).](JT2016-2973274.004){#fig4}

![(a) Electronic microscopic picture of the control rat lung shows rounded nucleus (N) of pneumocyte type II, lamellar bodies (L) around the nucleus, and mitochondria (m) in cytoplasm with microvilli (Mv) on the surface of alveoli (A) (×10000). (b) Electronicmicroscopic picture of the second group rat lung shows a shrinkage nucleus (N) of pneumocyte type II, vacuoles and congested blood capillaries (C) filled with the blood (b) in the cytoplasm and around the nucleus, degenerated mitochondria (m) in cytoplasm with degenerated microvilli (Mv) on the surface of alveoli (A) (×10000). (c) Electronic microscopic picture of the third group rat lung shows pyknotic nucleus (N) of pneumocyte type II, a variable number of vacuoles (v) and more congested blood capillaries (C) filled with the blood (b) around the nucleus, and degenerated mitochondria (m) in cytoplasm with degenerated microvilli (Mv) on the surface of alveoli (A) (×10000).](JT2016-2973274.005){#fig5}

###### 

Comparison between effects of cyclosporine different doses on the rats\' lung weight, body weight, and the lung/body weight ratio.

  Parameter                  Group                                 
  -------------------------- --------------- --------------------- ---------------------
  Body weight (gm)           210.9 ± 15.11   155.35 ± 12.15^*∗*^   99.55 ± 10.26^*∗∗*^
  Lung weight (gm)           2.4 ± 0.18      1.9 ± 0.19^*∗*^       1.3 ± 0.24^*∗∗*^
  Lung/body weight ratio %   1.14            1.22^*∗*^             1.31^*∗∗*^

First group: physiological saline (control).

Second group: cyclosporine (25 mg/kg/day).

Third group: cyclosporine (40 mg/kg/day).

M ± SD: mean ± standard deviation. Number per group: 20

  ^*∗*^ *P* \< 0.001: significant difference in comparison with the control group

  ^*∗∗*^ *P* \< 0.001: significant difference in comparison with the second group.

###### 

Comparison between effects of cyclosporine different doses on the rats\' lung histopathological parameters.

  Parameter                    Group                         
  ---------------------------- ----------- ----------------- ------------------
  Oedema                       0.1 ± 0.1   1.1 ± 0.5^*∗*^    1.7 ± 0.5^*∗∗*^
  Hemorrhage                   0.4 ± 0.8   2.0 ± 0.9^*∗*^    3.3 ± 0.4^*∗∗*^
  Cell infiltration            0.2 ± 0.8   4.1 ± 0.5^*∗*^    5.6 ± 0.3^*∗∗*^
  Alveolar septal thickening   0.1 ± 0.3   2.9 ± 0.5^*∗*^    2.4 ± 0.3^*∗∗*^
  Total score                  0.2 ± 0.4   2.52 ± 0.6^*∗*^   3.25 ± 0.4^*∗∗*^

First group: physiological saline (control).

Second group: cyclosporine (25 mg/kg/day).

Third group: cyclosporine (40 mg/kg/day).

M ± SD: mean ± standard deviation. Number per group: 20

  ^*∗*^ *P* \< 0.001: significant difference in comparison with the control group

  ^*∗∗*^ *P* \< 0.001: significant difference in comparison with the second group.
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